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A LOCKING DEVICE OF AN AIR-OPERATED NORMALLY-CLOSED VALVE 

FOR A GAS CYLINDER 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

The present invention relates to a locking device of 
an air-operated normally-closed valve for a gas cylinder. 
The preset invention further relates to such a locking 
device in which an indicating mechanism for indicating a 
10 valve opened state of the valve is incorporated. 
2. Description of the Related Art 

Gas cylinders having a high internal pressure (e.g. , 
approximately over 200kg/cm 2 ) are generally provided on 
a valve port thereof with a manual valve or an air-operated 

15 normally-closed valve. If a large shock is accidentally 
given to the air-operated normally-closed valve during 
transportation and the like, there is a possibility of the 
air-operated normally-closed valve being opened 
momentarily since, generally, the air-operated 

20 normally-closed valve is closed by spring force. A 
conventional locking device of the air-operated 
normally-closed valve for a gas cylinder is used to exert 
a mechanical locking force on a valve body positioned 
inside the valve port of the gas cylinder to prevent the 

25 air-operated normally-closed valve from being opened 

1 



accidentally during transportation . 
SUMMARY OF THE INVENTION 

The present invention provides a small and simple 
5 locking device of an air-operated normally-closed valve 
for a gas cylinder. 

The present invention provides such a locking device 
in which an indicating mechanism for indicating a valve 
opened state of the valve is incorporated. The indicating 
10 mechanism is used to indicate visually that the air- 
operated normally-closed valve is in the valve opened state, 
i.e. , that the gas contained in the gas cylinder is in use. 

According to an aspect of the present invention, 
a locking device of an air-operated normally-closed valve 
15 for a gas cylinder, the gas cylinder being provided with 
a valve port and a valve body which opens and closes the 
valve port, the locking device including a housing which 
can be detachably attached to the valve port of the gas 
cylinder; a piston assembly provided in the housing, the 
20 piston assembly being biased by a spring force to move the 
valve body in a direction to close the valve port when the 
housing is attached to the valve port; a tapered axial 
member positioned coaxially with an axis of the piston 
assembly on an opposite side of the valve port, the tapered 
25 axial member having an annular outer tapered surface which 

2 



gradually reduces in diameter thereof in a direction away 
from the valve port; a lock nut which is screw-engaged with 
the housing to be coaxial with the tapered axial member; 
an annular inner tapered surface formed on an inner 

5 peripheral surface of the lock nut to correspond to the 
annular outer tapered surface; an intermediate cylinder 
member which is integral with the housing and positioned 
between the annular outer tapered surface and the annular 
inner tapered surface, the intermediate cylinder member 

10 having at least one radial through hole; and at least one 
lock piece which is inserted into the radial through hole 
to be freely movable therein, and contacts with the annular 
outer tapered surface and the annular inner tapered surface . 
The lock nut can press the lock piece against the annular 

15 outer tapered surface via the annular inner tapered surface 
to lock the piston assembly by changing an amount of screw 
engagement of the lock nut with the housing. 

The locking device can further include a valve- 
opened-state indicating cylinder member which can move 

20 relative to the tapered axial member to project from the 
housing; and a spring for biasing the valve-opened-state 
indicating cylinder member in a direction to make the 
valve-opened-state indicating cylinder member embedded in 
the housing. The valve-opened-state indicating cylinder 

25 member is pressed by the tapered axial member which moves 



in a direction to open the valve body to project from the 
housing against a spring force of the spring. 

It is desirable for the housing to include a pressure 
chamber for moving the piston assembly in a valve opening 
5 direction thereof against a biasing force which biases the 
piston assembly in a valve closing direction thereof, 
wherein compressed air is applied to the valve opening 
pressure chamber in order to move the piston assembly in 
the valve opening direction. 

10 The locking device can further include a valve stem 

which is provided independently of the piston assembly, 
wherein the valve stem moves in the same direction as the 
piston assembly and acts on the valve body in the valve 
port; at least one valve stem roller member which is 

15 supported by the valve stem, and has an axis of rotation 
extending in a direction perpendicular to a direction of 
a sliding movement of the valve stem without intersecting 
an axis of the valve stem; a tapered surface portion 
provided on an end of the piston assembly adjacent to the 

20 valve stem; and at least one intermediate roller member 
mounted between the tapered surface portion of the piston 
assembly and the valve stem roller member, the intermediate 
roller member being in rolling engagement with the valve 
stem roller member and the tapered surface portion and 

25 having an axis of rotation extending parallel to the axis 



of rotation of the valve stem roller member. The tapered 
surface portion, the intermediate roller member and the 
valve stem roller member are arranged such that when the 
piston assembly is moved by a unit displacement toward the 
5 valve stem in order to move the valve stem toward a valve 
seat via the tapered surface portion, the intermediate 
roller member, and the valve stem roller member, the valve 
stem are moved by a displacement smaller than the unit 
displacement of the piston assembly. 

10 The valve stem roller member can include a pair of 

valve stem roller members which are arranged in a 
rotationally symmetrical manner with respect to the axis 
of the valve stem, and the intermediate roller member can 
include a pair of intermediate roller members which are 

15 arranged in a rotationally symmetrical manner with respect 
to the axis of the valve stem. 

It is desirable for the valve stem and the pair of 
valve stem roller members to constitute a valve stem 
assembly . 

20 It is desirable for the valve stem to be coaxial to 

the piston assembly. 

The tapered surface portion can include a conical 
surface portion. 

The tapered surface portion can include a wedge-like 
25 surface portion having a pair of oblique flat surfaces. 



It is desirable for the piston assembly to include 
an operation shaft which extends coaxially with the valve 
stem, wherein one end of the operation shaft is fixed to 
the tapered axial member, and the tapered surface portion 
is formed on another end of the operation shaft. 

It is desirable for the valve-opened-state 
indicating cylinder member to project outwards from an 
outer end of the intermediate cylinder member when the 
valve body is disengaged from a valve seat. 

The radial through holes formed on the intermediate 
cylinder member can include two radial through holes formed 
on radially opposite sides of the tapered axial member, 
and the lock piece can include two lock pieces which are 
inserted into the two radial through holes, respectively. 

It is desirable for each of the two lock pieces to 
be in the form of a cut-out portion of a ring member. 

The present disclosure relates to subject matter 
contained in Japanese Patent Application No . 2002-351726 
( filed on December 3 , 2002 ) which is expressly incorporated 
herein by reference in its entirety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be described below in 
detail with reference to the accompanying drawings in 
which : 



Figure 1 is a longitudinal cross sectional view of 
an embodiment of an air-operated normally-closed valve for 
a gas cylinder, in which a locking device for locking the 
air-operated normally-closed valve is incorporated, 
5 showing a state where the air-operated normally-closed 
valve is fixed to a gas cylinder; 

Figure 2 is a longitudinal cross sectional view of 
the normally-closed valve unit shown in Figure 1; 

Figure 3 is a longitudinal cross sectional view, 
10 partly omitted, of the normally-closed valve unit shown 
in Figure 1, showing an operational state thereof different 
from the operational state shown in Figure 2; 

Figure 4 is a view similar to that of Figure 3, showing 
another operational state of the normally-closed valve 
15 unit which is different from the operational state shown 
in Figure 2; 

Figure 5 is a view similar to that of Figure 3, showing 
another operational state of the normally-closed valve 
unit which is different from the operational state shown 
20 in Figure 2; 

Figure 6 is a view similar to that of Figure 3, showing 
another operational state of the normally-closed valve 
unit which is different from the operational state shown 
in Figure 2; 

25 Figure 7 is an exploded perspective view of elements 



of the normally-closed valve unit shown in Figure 2; 

Figure 8 is an exploded perspective view of elements 
of the normally-closed valve unit shown in Figure 2, 
showing a structure guiding intermediate roller members 
5 of the normally-closed valve unit; 

Figure 9 is a perspective view, with parts broken away 
and in section, of the normally-closed valve unit shown 
in Figure 2; 

Figure 10 is a perspective view of the intermediate 
10 roller members shown in Figure 8 and an embodiment of a 
valve stem assembly of the normally-closed valve unit shown 
in Figure 2 ; and 

Figure 11 is a perspective view of the intermediate 
roller members shown in Figure 8 and another embodiment 
15 of the valve stem assembly of the normally-closed valve 
unit shown in Figure 2 . 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
As shown in Figure 1, a gas cylinder 10 is provided 
20 on top of a cylinder body 11 thereof with a valve port block 
12 which is screwed into a top end of the cylinder body 
11. The valve port block 12 is provided on top thereof 
with a valve port 12a, and is provided below the valve port 
12a with an axial conduit 12b which is communicatively 
25 connected with the inside of the cylinder body 11 so that 



the valve port 12a and the inside of the cylinder body 11 
are communicatively connected with each other via the axial 
conduit 12b. The internal diameter of the axial conduit 
12b is smaller than that of the valve port 12a. The valve 
5 port block 12 is provided between the valve port 12a and 
the axial conduit 12b with a radial conduit (gas output 
port) 12c. The radial conduit 12c extends perpendicular 
to the axial conduit 12b, and is communicatively connected 
with the valve port 12a and the axial conduit 12b. The 

10 valve port block 12 is provided at a bottom of the valve 
port 12a with an annular valve seat 12d formed around the 
upper end of the axial conduit 12b. A threaded cylinder 
member 14 is screwed into the valve port 12a. A valve body 
13 is fitted into the threaded cylinder member 14 from 

15 bottom thereof to be slidably movable with respect to the 
valve body 13 in directions to be engaged and disengaged 
with and from the annular valve seat 12d. The valve body 

13 is biased in a direction away from the annular valve 
seat 12d by a compression coil spring 15. If the threaded 

20 cylinder member 14, which is screwed into the valve port 
12a, is screwed down against the spring force of the 
compression coil spring 15, the valve body 13 is pressed 
down by a stepped hole 14a of the threaded cylinder member 

14 to be seated on the annular valve seat 12d (i.e., the 
25 valve body 13 is closed) . 



An air-operated normally-closed valve 20 is mounted 
to the top of the valve port block 12. More specif ically , 
a housing 21 of the air-operated normally-closed valve unit 
20 is screwed on an upper end of the valve port block 12 
5 to be fixed thereto. The housing 21 is provided with a 
bonnet 21a, a cylinder 21c and a lock ring 21b which 
connects the bonnet 21a and the cylinder 21c. The bonnet 
21a is concentrically screwed on the upper end of the valve 
port block 12. A bottom portion of the cylinder 21c is 

10 fitted into the bonnet 21a to be fixed thereto by the lock 
ring 21b. Figures 2 through 6 show the normally-closed 
valve unit 20 in cross section in different operational 
states. Figure 7 shows the normally-closed valve unit 20 
in a disassembled state. 

15 The bonnet 21a is provided at a center thereof with 

a small-diameter cylindrical portion 21d. The 
normally-closed valve unit 20 is provided with a piston 
assembly 30 which is fitted on the small-diameter 
cylindrical portion 21d. More specifically, a sliding 

20 bearing 22 is fitted on the small-diameter cylindrical 
portion 21d while a piston body 31 of the piston assembly 
30 is fitted on the sliding bearing 22 so that the piston 
body 31 can move up and down freely with respect to the 
small-diameter cylindrical portion 21d. The normally- 

25 closed valve unit 20 is provided between the piston body 



31 and the cylinder 21c with an outer-large compression 
spring 24a and an inner-small compression coil spring 24b 
which bias the piston body 31 downwards as viewed in Figure 
1 (in a valve-closing direction). 
5 The normally-closed valve unit 20 is provided between 

the piston body 31 and the bonnet 21a with a valve opening 
pressure chamber 23. A pilot pressure (compressed 
air/working f luid) is applied to the valve opening pressure 
chamber 23 by a pilot pressure source P through an opening 
10 and closing control valve 23b and a pilot pressure 
introduction port (screw hole) 23a formed in the bonnet 
21a. 

The piston body 31 is in the shape of a cap, and is 
provided on top thereof with a disc portion 31a. The piston 

15 assembly 30 is provided immediately above the disc portion 
31a with a tapered axial cylinder (tapered axial member) 
32, and is provided immediately below the disc portion 31a 
with an operation shaft 33. The operation shaft 33 is 
provided with a screw shaft 33b which extends upwards as 

20 viewed in Figure 1 to be positioned inside the tapered axial 
cylinder 32 through a bearing hole 31b formed at a center 
of the disc portion 31a. The normally-closed valve unit 
20 is provided inside the tapered axial cylinder 32 with 
a hollow cylindrical retainer 34. The retainer 34 is 

25 inserted into the tapered axial cylinder 32 from the top 



thereof so that an outer flange 34b (see Figure 2) formed 
on an outer peripheral surface of the retainer 34 is engaged 
with an inner flange 32a formed at a bottom of the tapered 
axial cylinder 32. The retainer 34 is provided with an 
5 axial screw hole 34a in which the screw shaft 33b is 
screw-engaged. The piston body 31, the tapered axial 
cylinder 32 and the operation shaft 33 , which are elements 
of the piston assembly 30 , are connected together as a unit 
due to the engagement of the axial screw hole 34a with the 

10 screw shaft 33b. 

The cylinder 21c is provided at the top thereof with 
a top cylindrical portion 21f , an inner peripheral surface 
of which is threaded to be formed as a female thread portion 
21g. An intermediate cylinder member 21h is screwed into 

15 the top cylindrical portion 2 If from the bottom thereof 
to be fixed thereto so that the female thread portion 21g 
is engaged with a male thread portion formed on an outer 
peripheral surface of the intermediate cylinder member 2 lh . 
The intermediate cylinder member 21h is a stationary member 

20 which serves as an integral part of the housing 21. The 
tapered axial cylinder 32 is positioned inside the 
intermediate cylinder member 21h to be freely movable 
vertically as viewed in Figure 1. 

The normally-closed valve unit 20 is provided at the 

25 top thereof with a lock nut 25. The lock nut 25 is screwed 



into the top cylindrical portion 21f from top thereof to 
be fixed thereto so that the female thread portion 21g is 
engaged with a male thread portion formed on an outer 
peripheral surface of the lock nut 25 and so that a part 
5 of the lock nut 25 projects upwards from the top cylindrical 
portion 21f . The lock nut 25 is positioned around an upper 
end portion of the intermediate cylinder member 21h. 
Accordingly, this upper end portion of the intermediate 
cylinder member 21h is positioned between the tapered axial 

10 cylinder 32 and the lock nut 25. The intermediate cylinder 
member 21h is provided with a pair of radial through holes 
26 into which a pair of movable lock pieces 27 are inserted 
to be freely movable radially in the pair of radial through 
holes 26, respectively. 

15 The tapered axial cylinder 32 is provided at a tip 

thereof (an end opposite to the gas cylinder 10 side) with 
an annular outer tapered surface 32t which can contact the 
pair of movable lock pieces 27 and which tapers upwardly 
as viewed in Figures 4, 5 and 6. The lock nut 25 is provided 

20 on an inner peripheral surface thereof with an annular 
inner tapered surface 25t which can be in contact with the 
pair of movable lock pieces 27 and which tapers upwardly 
as viewed in Figures 4, 5 and 6. Namely, the annular outer 
tapered surface 32t and the annular inner tapered surface 

25 25t taper in the same direction so that screwing the lock 



nut 25 down into the top cylindrical portion 21f (the female 
thread portion 21g) causes the annular inner tapered 
surface 25t to press the pair of movable lock pieces 27 
radially inwards to bring the pair of movable lock pieces 
5 27 into pressing contact with the annular outer tapered 
surface 32t. 

Each movable lock piece 27 is in the form of a cut-out 
portion of a ring member having an appropriate length, as 
shown in Figure 7. An inner lock surface 27a and an outer 

10 lock surface 27b of each movable lock piece 27 come in 
contact with the annular outer tapered surface 32t and the 
annular inner tapered surface 25t, respectively. By 
changing the amount of screw engagement of the lock nut 
25 with respect to the top cylindrical portion 21f of the 

15 housing 21, the lock nut 25 either presses the pair of 
movable lock pieces 27 against the annular outer tapered 
surface 32t via the annular inner tapered surface 25t to 
lock the piston assembly 30 (to prevent the piston assembly 
30 from moving in a valve opening direction) or does not 

20 press the pair of movable lock pieces 27 to make the piston 
assembly 30 free from the pressure from the pair of movable 
lock pieces 27. The piston assembly 30 can be locked with 
a stronger locking force than a typical piston assembly 
which has a pair of balls due to the pair of movable lock 

25 pieces 27. 



The normally-closed valve unit 20 is provided on top 
thereof with a valve-opened-state indicating cylinder 
member 28 which is fitted on the retainer 34 to be freely 
slidable thereon. The valve-opened-state indicating 

5 cylinder member 28 is biased in a direction to be embedded 
in the intermediate cylinder member 21h (i.e., in the 
housing 21) by a compression coil spring 29 which is 
positioned between an outer peripheral surface of the 
retainer 34 and the valve-opened-state indicating cylinder 

10 member 28. The valve-opened-state indicating cylinder 
member 2 8 is provided at an outer end (upper end as viewed 
in Figure 1) thereof with an outer flange 28a while the 
intermediate cylinder member 21h is provided at an upper 
end thereof with an annular recessed portion 21i (see 

15 Figures 2 and 3) into which the outer flange 28a can be 
fitted. This fit of the outer flange 28a into the annular 
recessed portion 21i determines the moving limit of the 
valve-opened-state indicating cylinder member 28 in the 
embedding direction into the intermediate cylinder member 

20 21h. The upper end of the tapered axial cylinder 32 is 
positioned immediately below a bottom surface of the outer 
flange 28a of the valve-opened-state indicating cylinder 
member 28. Accordingly , if pilot pressure is applied to 
the valve opening pressure chamber 23 to move the piston 

25 assembly 30 upwards, the valve-opened-state indicating 



cylinder member 28 is moved upwards together with the 
piston assembly 30 by the tapered axial cylinder 32. 
Consequently, the outer flange 28a of the valve- 
opened-state indicating cylinder member 28 projects 
5 upwards from the annular recessed portion 21i of the 
intermediate cylinder member 21h to indicate that the valve 
body 13 is in a valve-opened state. 

The piston assembly 30 , which is biased in a direction 
to open the valve body 13 , can be provided on an axis thereof 

10 with a valve stem which acts directly on the valve body 
13 of the gas cylinder 10. However, in the present 
embodiment of the normally-closed valve unit 20 , the piston 
assembly 30 is provided with a toggle mechanism for 
boosting operational force of the piston assembly 30 and 

15 transmitting the same to the valve body 13. This toggle 
mechanism corresponds to the toggle mechanism used for the 
toggle valve which has been proposed in Japanese Unexamined 
Patent Publication No .°10-1 10856 ( U . S . P . 5 , 906 , 353 ) , the 
assignee of which is the same as that of the present 

20 invention. 

The bonnet 21a is provided at a center thereof with 
a disc portion 21j which is integral with the upper end 
of the small-diameter cylindrical portion 21d. The disc 
portion 21j lies in a plane orthogonal to the axis of the 

25 operation shaft 33. The disc portion 21 j is provided at 



a center thereof with an axial through hole 21k. The 
operation shaft 33 of the piston assembly 30 projects 
outwards from the bonnet 21a through the axial through hole 
21k. The operation shaft 33 is provided at a lower end 
5 thereof with a tapered surface portion 33a. The tapered 
surface portion 33a can be formed as a conical surface 
portion 33al as shown in Figure 10 f or a wedge-like surface 
portion having a pair of oblique flat surfaces 33a2 as shown 
in Figure 11. 

10 The normally-closed valve unit 20 is provided in the 

space surrounded by the small-diameter cylindrical portion 
21d and the disc portion 21j with a pair of intermediate 
roller members (upper rollers members) 40 and a valve stem 
assembly 41 which are inserted into the space surrounded 

15 by the small-diameter cylindrical portion 2 Id to be 
supported thereby, in that order from top to bottom as 
viewed in Figures 1 and 2 . Each of the pair of intermediate 
roller members 40 is made up of a roller 40a and an axial 
shaft 40b. Each roller 40a is positioned in a recess 21m 

20 (see Figure 8) formed on a bottom surface of the disc 
portion 21j so as not to move in the axial direction of 
the associated axial shaft 40b. As shown in Figure 8, the 
disc portion 21j is provided on a bottom surface thereof 
with a counterbore 21n, while a pair of semicircular plates 

25 21p made of hard material are inserted into the counterbore 



21n to be fixed to the disc portion 21j by two set screws 
21q (only one of them is shown in Figure 8), respectively. 
The recess 21m, in which the pair of rollers 40a are 
positioned, is formed between the pair of semicircular 
5 plates 21p. Each axial shaft 40b is guided along bottom 
surfaces of the pair of semicircular plates 21p (with each 
roller 40a being guided within the recess 21m) to be freely 
movable in a direction perpendicular to the axis of the 
operation shaft 33. This structure using the pair of 

10 semicircular plates 21p makes it possible to manufacture 
the bonnet 21a out of a relatively soft and low-cost 
material. In addition, each semicircular member 21p can 
be fixed to the disc portion 21 j by a single set screw ( i.e . , 
the set screw 21q) since a circular arc edge of each 

15 semicircular member 21p fits snugly against an inner 
peripheral surface of the counterbore 21n. 

The valve stem assembly 41 is provided with a valve 
stem 42 and a pair of valve stem roller members (lower 
roller members) 43. Each of the pair of valve stem roller 

20 members 43 is made up of a roller 43a and an axial shaft 
43b whose opposite ends are supported by a support block 
42a (see Figures 10 and 11) . The valve stem 42 is integral 
with the support block 42a. The support block 42a lies 
in a plane orthogonal to the axis of the valve stem 42. 

25 The pair of valve stem roller members 43 (the pair of axial 



shafts 43b) are arranged at opposite sides of the axis of 
the valve stem 42 in a rotationally symmetrical manner with 
respect to the axis of the valve stem 42 to extend parallel 
to each other in a direction perpendicular to the axis of 
5 the valve stem 42 without intersecting the axis of the valve 
stem 42. The lower end of the valve stem 42 is in contact 
with an upper surface of the valve body 13 in a state where 
the normally-closed valve unit 20 is fixed to the gas 
cylinder 10. 

10 The pair of intermediate roller members 40 are 

parallel to the pair of valve stem roller members 43 and 
are provided between the tapered surface portion 33a and 
the pair of valve stem roller members 43. The valve- 
closing pressure which is exerted on the piston assembly 

15 30 via the outer-large compression spring 24a and the 
inner-small compression coil spring 24b is transmitted to 
the valve stem 42 via the tapered surface portion 33a, the 
pair of intermediate roller members 40 and the pair of valve 
stem roller members 43. The pair of intermediate roller 

20 members 40 and the valve stem assembly 41 are prevented 
from coming out of the space inside the small-diameter 
cylindrical portion 21d by an O-ring 44 which is fitted 
into an annular groove which is formed on an inner 
peripheral surface of the small-diameter cylindrical 

25 portion 21d in the vicinity of the bottom opening thereof. 



r 



The taper angle of the tapered surface portion 33a 
of the operation shaft 33 and the outer diameters and the 
initial positions of the pair of intermediate roller 
members 40 and the pair of valve stem roller members 43 
5 (i.e. the positions when the normally-closed valve unit 
20 is removed from the gas cylinder 10) are determined as 
follows. Namely, when the piston assembly 30 is moved 
toward the valve stem assembly 41 by a unit displacement 
(subsequently moving the valve stem 42 toward the valve 

10 body 13 through the tapered surface portion 33a, the pair 
of intermediate roller members 40 and the pair of valve 
stem roller members 43), the valve stem 42 is moved by a 
displacement smaller than the unit displacement of the 
piston assembly 30. In an embodiment, for instance, 

15 "axial displacement of the piston assembly 30" : "axial 
displacement of the valve stem 42" = 1 : 0 • 2 or 1 : 0 . 1 . 
In any operational state, the pair of intermediate roller 
members 40 are in contact with the tapered surface 33a and 
the pair of valve stem roller members 43, and when the 

20 piston assembly 30 is moved to the lowermost position 
toward the valve stem assembly 41, the axes of the pair 
of intermediate roller members 40 are never located 
radially outside the axes of the valve stem roller members 
43 in a radial direction of the valve stem 42 , respectively. 

25 In the above illustrated embodiment of the 



normally-closed valve unit 20 , the valve stem 42 comes into 
contact with the valve body 13 to lock the valve body 13 
mechanically when the bonnet 21a of the housing 21 is 
screwed on the valve port block 12. 
5 Although the position of the valve body 13 in the 

valve port block 12 of the gas cylinder 10 varies depending 
on the valve port block the gas cylinder used, the initial 
position of the valve stem 42 does not have to be adjusted 
in accordance with the gas cylinder to which the 

10 normally-closed valve unit 20 is fixed. Namely, 
variations of the initial position of the valve stem 42 
can be adjusted by adjusting the relative dimensions 
between the tapered axial cylinder 32 and the valve- 
opened-state indicating cylinder member 28 , the angles of 

15 radially inner and outer contacting surfaces of each 
movable lock piece 27, the angle of the annular inner 
tapered surface 25t and the angle of the annular outer 
tapered surface 32t. Even if the position of screw 
engagement of the lock nut 25 changes with respect to the 

20 female thread portion 21g of the top cylindrical portion 
21f, the piston assembly 30 can be locked by the annular 
inner tapered surface 25t in a range where the pair of 
movable lock pieces 27 are engaged with the annular outer 
tapered surface 32t. Changing the position of screw 

25 engagement of the lock nut 25 with respect to the female 



thread portion 21g of the top cylindrical portion 21f 
causes the distance between the tip of the tapered axial 
cylinder 32, which is integral with the piston assembly 
30, and the outer flange 28a of the valve-opened-state 
indicating cylinder member 28 to change. Figures 3 
through 5 show the piston assembly 30 in different 
positions with the lock nut 25 being positioned in 
different rotational positions, respectively. 

Even if the position of screw engagement of the lock 
nut 25 is adjusted with respect to the female thread portion 
21g of the top cylindrical portion 21f , the outer flange 
28a of the valve-opened-state indicating cylinder member 
28, which is biased in a direction to be embedded in the 
intermediate cylinder member 21h by the compression coil 
spring 29, remains in the annular recessed portion 21i of 
the intermediate cylinder member 21h, so that the 
valve-opened-state indicating cylinder member 28 does not 
indicate a valve opened state. 

In this state, the combined spring force of the 
outer-large compression spring 24a and the inner-small 
compression coil spring 24b is boosted to be transmitted 
to the valve body 13, so that a large closing force is 
obtained. Namely, the valve closing force exerted on the 
piston assembly 30 is transmitted to the valve stem 42 via 
the tapered surface portion 33a of the operation shaft 33, 

22 



the pair of intermediate roller members 40 and the valve 
stem assembly 41. 

Since the displacement of the valve stem 42 is smaller 
than the unit displacement of the piston assembly 30 when 
the valve closing force of the piston assembly 30 is 
transmitted to the valve stem 42 through the tapered 
surface portion 33a, the pair of intermediate roller 
members 40 and the valve stem assembly 41, it is possible 
to obtain a strong valve closing force by a small spring 
force from the outer-large compression spring 24a and the 
inner-small compression coil spring 24b. In the 
particular embodiment described above, a valve closing 
force five or ten times the combined spring force of the 
outer-large compression spring 24a and the inner-small 
compression coil spring 24b is obtained. 

To open the valve, the opening and closing control 
valve 23b is opened to introduce the pilot pressure from 
the pilot pressure source P into the valve opening chamber 
23 through the pilot pressure introduction port 23a. When 
the pilot pressure exceeds the combined spring force of 
the outer-large compression spring 24a and the inner-small 
compression coil spring 24b, upward movement of the piston 
assembly 30 occurs, and subsequently, the force to retain 
the valve body 13 in the closed position counteracted. 
Hence, the gas contained in the gas cylinder 10 is 

23 



discharged therefrom through the radial conduit (gas 
output port) 12c. 

Such upward movement of the piston assembly 30 in a 
valve opening direction causes the upper end of the tapered 
5 axial cylinder 32 to come into contact with the bottom 
surface of the outer flange 28a of the valve-opened-state 
indicating cylinder member 28 and to lift the valve- 
opened-state indicating cylinder member 28 together with 
the piston assembly 30, i.e., to make the valve- 

10 opened-state indicating cylinder member 28 project upwards 
from the housing 21 to indicate that the valve body 13 is 
in a valve opened state. It is desirable that an outer 
peripheral surface of an upper end portion of the 
valve-opened-state indicating cylinder member 28 be 

15 colored an eye-catching color. 

Although a toggle mechanism is provided between the 
piston assembly 30 and the valve body 13 in the above 
illustrated embodiment of the air-operated normally- 
closed valve for gas cylinder, the piston assembly 30 can 

20 be modified to act directly on the valve body 13 of the 
gas cylinder 10 as has been described above. 

As can be understood from the foregoing, according 
to the present invention, a small and simple locking device 
of an air-operated normally-closed valve for a gas cylinder 

25 is achieved. Moreover, such a locking device is achieved 



in which an indicating mechanism for indicating a valve 
opened state of the valve is incorporated. 

Obvious changes may be made in the specific 
embodiment of the present invention described herein, such 
modifications being within the spirit and scope of the 
invention claimed. It is indicated that all matter 
contained herein is illustrative and does not limit the 
scope of the present invention. 
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